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INTRODUCTION 
Eddy current inspection methods offer sensitive and reliable 
detection of flaws in critical structures. Selection and application 
of a specific technique have been achieved primarily by experienced-
based analyses and by trial and error, both of which are expensive, 
inaccurate and unsatisfactory. The objective of this task is to 
obtain the experimental data necessary to form a basis for the 
development and validation of theoretical models relating probe size, 
operating frequency and applications parameters to overall system 
performance reliability. 
In order to obtain that data base, a four-fold experimental 
approach was adopted: 1) Design and fabrication of low cycle fatigue 
(LCF) cracks of varying sizes in two different materials (Ti 6-4 and 
IN 100); 2) Design, fabrication and characterization of eddy current 
probes (air core and ferrite core); 3) Design and fabrication of a 
special X-Y scanner system (to include the interface of eddy current 
instrumentation to effect digital data collection and recording); 
4) Evaluation of signal variations with typical eddy current applica-
tions variables. 
TEST SAMPLES 
Test samples were fabricated from Titanium 6-4 and IN 100. Five 
Ti 6-4 samples were prepared with area fatigue cracks induced by both 
bending and tension loading; and also electro-discharge machined 
(EDM) slots were introduced to simulate cracks. Flaw sizes ranged 
from a flaw depth of .005 in. and flaw length of .010 in to .085 and 
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.261 in •• respectively. Three IN 100 samples were prepared with hole-
corner fatigue cracks ranging in size from a diameter of .0006 in. to 
.102 in. 
Conductivity comparisons for the Ti 6-4 and IN 100 samples were 
made using Boeing Conductivity Standards Model 75-17C. Serial Number 
131. Both materials showed a conductivity of approximately 11.5% 
LACS. so a value of 150 microohm-centimeters was used for the 
resistivity of both materials (Ref. 1). 
PROBE DESIGN AND FABRICATION 
Probe coils were designed for an input impedance of 110 ohms for 
low frequency (10 KHz) and high frequency (200 KHz) configurations. 
Outside diameters were .0500 in. for the .250 in. diameter air core 
and .250 in. for all other types. Probe assemblies were built for 
use on an Automation Industries EM-3300 eddy current test instrument 
and so incorporated an equivalent reference coil assembly mounted 
inside the probe connector shell to permit operation with the 
balanced bridge input circuit. 
Air core coils were wound on a thin bobbin or coil form to main-
tain mechanical stability. The internal diameter was a smooth finish 
in order to permit insertion of a ferrite core for engineering evalua-
tion tests. Figure 1 is a schematic of a typical air core probe. 
Ferrite core lengths were .375 in. and constructed in two 
diameters: .125 and .062 in. Coils were wound directly on the 
ferrite cores. Figure 2 shows schematics of the three types of 
ferrite core probe designs. The solenoid was the initial choice for 
initial experimental evaluation. 
After fabrication. the probes were x-ray'd to determine the 
relation between actual and design characteristics. Slight dimen-
sional deviations were observed, which meant that. although four 
"identical" probes of each type were fabricated, they were not in 
reality identical and could not be expected to yield identical 
experimental results. 
EDDY CURRENT PROBE CHARACTERIZATION 
As a first step towards probe characterization. impedance 
analysis tests were performed on one set of probes. Each probe, 
designed for use with the EM-3300. had a reference coil mounted in 
the connector body and a test coi1d located in the probe body. 
The test setup consisted of a HP 4l92A Impedance Analyzer and 
HP 2631G line printer, controlled by a HP 85 Personal Computer using 
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using HPIB interface with the HP 85 software developed in a menu-
driven form to drive the HP 4192 in a stepped frequency scan from 
0 . 1 KHz through 10 MHz. The HP 4192 output stimulus was programmed 
for a constant 1 Vrms for the duration of each test. The EM-3300 
presents 4.24 Vrms stimulus, but this difference (HP 4192 vs EM-3300) 
has no effect on impedance factors, provided the core is operated 
well below saturation level . 
Impedance parameter measurements were performed to compare the 
actual performance values to the design goals, to determine the 
resonant frequency point of coils (when operation occurs at or above 
probe resonant frequency, probe reactance becomes negative, preventing 
bridge balance), and to determine impedance variations due to lift-
off. 
Figures 3-6 show the variations in impedance due to different 
operating frequencies. Resonant frequencies can be determined for 
each probe/sample/flaw configuration. (Data obtained for IN 100 
samples were virtually identical to the data for Ti -604, so only the 
Ti 6-4 data are reproduced here.) 
Figures 7 and 8 show data obtained for variations in impedance 
and phase angle at various lift-offs over Ti 6-4. The probes were 
operated in the neighborhood of the resonance frequencies (approx. 
300 KHz) because operation in the low frequency range showed 
essentially no variations in either impedance or phase angle with 
respect to lift-off. 
EXPERIMENTAL PROCEDURES 
Figure 9 shows the experimental scanning arrangement . 
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Figure 9. Eddy Current Scanner System. 
The base is a square channel made up of four-inch extruded 
.125 in. wall aluminum. There are two Compumotor stepper motors 
(80 oz-in torque and 40 oz-in torque) connected to two 200 pitch 
double ball lead screws. One stepper motor position increment is 
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equivalent to .001 in. movement of the attached carriage. Position 
accuracy within the l2x24 in. scan field range is .0015 in. 
Software to run the scanner is a terminal program, stored on 
floppy disk. The terminal program is used to transmit motion 
commands to the X-Y scanner through the RS-22 Serial Port, with a 
TRS 80 Model III being used as the data terminal. 
The eddy current probe was connected to the EM-3300, which was 
adjusted to the desired operating frequency and to a sensitivity 
(gain) of 50. The probe was mounted on the scanner so that it was 
perpendicular to the sample. The scanning index was set at .025 in., 
and a scan speed of .5 in/sec was found to provide maximum signal 
amplitude. The EM-3300 was monitored in the vertical axis for probe 
noise and flaw characteristics, and was adjusted with the phase 
control to show lift-off indications only in the horizontal axis. 
This was to separate flaw indications from lift-off. 
The analog voltage output from the vertical axis of the EM-3300 
was visually monitored with and recorded from a Nicolet Digital 
Storage Oscilloscope. An analog/digital converter has also been 
implemented to operate in conjunction with or in lieu of the 
oscilloscope. The program has been written in assembly language and 
can transcribe the data directly from the EM-3300 or the oscilloscope 
directly to a floppy disk. 
EXPERIMENTAL RESULTS 
Statistics from data taken with the described experimental 
set-up are shown in Tables 1 and 2, which are, respectively, signal 
Table 1. Signal Statistics. 
Descriptive Statistics 
Variable: Signal Sample Size (N) 30 
Sample Statistics: 
Mean 2719.73 
Variance 1404.98 
Std. Dev. 37.4831 
Unbiased Estimates of Population Parameters: 
Range 
Minimum 
Maximum 
Variance = 1453.43 Std. Dev. 
Data Distribution Coefficients: 
Skewness -.321067 Kurtosis 
158 
2642 
2800 
38.1239 
-.237889 
CURRENT TEST SAMPLES, PROBES AND SCANNING SYSTEM 
Table 2. Noise Statistics. 
Descriptive Statistics 
Variable: Noise (MV) Sample Size (N) 
Sample Statistics: 
Mean 62.0133 
Variance 179.707 
Std. Dev. 13.4055 
Unbiased Estimates of Population Parameters: 
Range 
Minimtun 
Maximtun 
72 
24 
96 
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Variance = 180.913 Std. Dev. 13.4504 
Data Distribution Coefficients: 
Skewness -.130348 
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Figure 11. Noise Data. 
and noise statistics calculated from data generated by using a 
200 KHz ferrite core probe (.062" diameter) operated at a frequency 
of 1 MHz over a flaw of .260 in. The hisotgrams for the statistics 
of Tables 1 and 2 are shown in Figures 10 and 11. 
These histograms and their associated statistics fit a gamma 
distribution function and are in agreement with the modeling efforts 
of Munnemann et al. (Ref. 2), Bahr and Cooley (Ref. 3), and 
Martinez et al. (Ref. 4). 
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CONCLUSIONS 
The probe characterization data show that the impedance and 
phase of the eddy current signal vary in a nonlinear manner which 
depends on the probe frequency, test material and lift-off effects. 
The lift-off function variations cause a first order effect in 
typical NDT eddy current work. Meaningful lift-off data can be 
derived from the impedance data. 
Probe characterization data is a first step towards NDT 
instrument intercomparison. Next, the instrument input configuration 
and signal characteristics should be determined to enable correla-
tion of probe data with instrument capabilities. 
The probe and instrument setups should be evaluated over a 
number of data samples. The data sample statistics will be evaluated 
in terms of distribution of responses and variance for received 
signal levels and transmitted power levels. 
Once probe characterization has been completely defined, it will 
be possible to use the automatic scanner system with the appropriate 
probe at the proper operating frequency to obtain noise and signal 
data over a wide variety of samples, flaw types and sizes, at varying 
lift-offs. These data will be used to quantify signal and noise 
response/distributions as functions of flaw size. The theoretical 
models developed from the data base derived from those signal and 
noise distributions will be used to generate probability of detection 
(POD) curves, which can then permit the evaluation of overall system 
performance reliability. 
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DISCUSSION 
W.R. Sturrock (National Defence, Canada): Ward, did you measure 
the impedance of these probes? 
W.D. Rummel: We measured the impedance in order to match the instru-
ment in the first place and we are now going back and going 
through full characterization of the properties as a function 
of frequency for each probe to help us understand the drive a 
little better on where we are going with it. 
W.R. Sturrock: My second question, if I may. Did you use phase 
information? 
W.D. Rummel: The phase information is there and that's one of the 
pieces of data that we indeed need to extract, but as you know, 
the M-3300 by itself, we don't get that. 
From the Floor: The noise figure that you have used, was th~ 
probe on top of the flaw? 
W.D. Rummel: Yes. The noise figure is not on the flaw. It is in 
the area near the flaw, so it is representative of the surface 
condition and the scanning noise that results from that 
particular surface, but it is not near a flaw, so we are not 
seeing a flaw interaction at that point. Now, when we actually 
go on the flaw, then we have both the signal and the noise. We 
can't separate the two. 
J. Wilson (Standard Oil Company): Could you detect small voids that 
are subsurface? 
W.D. Rummel: We don't have small voids in these particular cases. 
It is possible to detect small voids subsurface if they are 
near, depending on the technique. It depends on the frequency 
and the conductivity of the material you are dealing with. 
D.O. Thompson (Ames Laboratory): Thank you, Ward. I might remark 
that at this point, that one of the purposes in the project 
was to choose probes here that could be characterized both 
analytically or experimentally so one would know the field 
values at the position of the flaw. 
